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INTRODUCTION.
This preliminary  survey of the distribution  of  Rickettsia was  com-
menced  in the hope  of  ascertaining  what  factors are  responsible  for
the  occurrence  of  such bodies  and in order to glean further informa-
tion bearing upon the claim that they constitute a new class of micro-
organisms distinct  from  bacteria.l-4
Technique.
In  accordance  with  the  advice  of  all  authors  who  have  studied  Rickettsia,
Giemsa's stain  (as manufactured  by Griibler)  was used as the chief routine means
Ida  Rocha-Lima,  H.,  Berl.  klin.  Woch.,  1916,  liii,  567;  Jungmann,  P.,  Das
wolhynische  Fieber,  Berlin,  1919; and other investigators.
2In  a problem of  this kind  no  progress  could have  been  made  without  wide-
spread  cooperation  in the  collection  of material.  I  wish  t6  express  my thanks
to the following persons for their assistance:  Dr. R. G. Ayres, Emergency Hospital,
Honolulu, Hawaiian Islands; Dr. W. Reid Blair, New York Zoological Park, N. Y.;
Mr. F. Bradshaw, Department  of Agriculture, Regina, Saskatchewan, Canada; Dr.
W. H. Cadbury, Canton,  China; Dr. E. N. Cory,  College  Park,  Md.;  Mr. N.  H.
Cowdry, New York; Dr. S. R. Detwiler, Peking, China; Dr. W. P. Flint, State Nat-
ural  History Survey Division, Urbana,  Ill.; Dr. Laura  Florence,  The  Rockefeller
Institute, Princeton,  N. J.;  Dr. E. Pegram  Flower,  Baton Rouge, La.; Dr. E. H.
Fullaway,  Department  of Agriculture,  Honolulu,  Hawaiian  Islands;  Dr. R.  W.
Harned,  Agricultural  College,  Miss.;  Dr. W. C.  Hausheer,  International Health
Board,  Dutch  Guiana;  Dr.  C.  W.  Hobbs,  Kansas  State  Agricultural  College,
Manhattan,  Kan.;  Dr.  H.  Hurlebaus,  Southerland,  Fla.; Dr.  Edward  C.  Kirk,
Philadelphia,  Pa.; Dr. W. K. Lewis, Clemson Agricultural College, Columbia, S. C.;
Dr. S. H. McNutt,  Ohio State College,  Ames,  Ohio; Dr. A. L. Melander,  Wash-
ington  State  College,  Pullman,  Wash.;  Dr.  Z.  P. Metcalf, North  Carolina  State
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of coloration.  It  was employed as directed by Wolbach.
5 The addition of traces
of  colophonium  to the alcohol  of differentiation  was helpful  in increasing  the red
coloration and it was found  that the blue tint could be increased at will by leaving
out  the  alkaline  bath  before  staining  and  by  dispensing  with  the  addition  of
methyl alcohol  to the diluted stain.  After a little experimentation,  sections were
used in preference to smears, and since they were cut 4p in thickness, differentiation
was accomplished in less than 1 minute.
Zenker's  fluid  with  and  without  acetic  acid  was  employed  as  a  fixative,  but
it was  on  the  whole  found  to  be  less  satisfactory  than  Regaud's  fluid,  which
consists  of four parts  of  3  per cent potassium  bichromate  and one  part  of  com-
mercial formalin.  This gave a clearer background with  less artificial granulation.
The  high  concentration  of  formalin,  amounting  to  20  per cent,  was  helpful in
penetrating between  the plates  of chitin, and the bichromate  served as a mordant
for Giemsa's stain.  It  possessed the additional  advantage of being a good fixative
for mitochondria  and other cellular components.
When it was impossible  to obtain  the insects  alive  they were  shipped  to New
York  in  10  per cent formalin  and were  mordanted  over night  in  Regaud's  fluid
before  being  imbedded  the  next  day.  Larger  forms,  like  ticks  and  bedbugs,
were  eviscerated  and  the  body  contents  immersed  in  the  fluid,  while  smaller
College of Agriculture  and Engineering,  Raleigh, N. C.; Dr. M. Miyajima,  Tokyo,
Japan; Dr. V. A. Moore, New York State Veterinary College at Cornell University,
Ithaca, N. Y.; Dr. Charles Murray,  Ohio State  College, Ames, Ohio; Mr. Newton,
Regina,  Saskatchewan,  Canada; Dr.  R. R.  Parker, Hamilton,  Mont.;  Miss  Elsie
Preston, Agricultural College, Miss.; Dr. John L. Rice, International Health Board,
Princes'  Town,  Trinidad;  Dr.  Hartwell  Robbins,  Washington,  N.  C.; Professor
J.  J. Sanders,  Bureau  of Plant Industry,  Harrisburg, Pa.;  Dr. Dwight L.  Sisco,
International  Health  Board,  St.  Johns,  Antigua;  Dr.  Ernest  W.  Smillie,  The
Rockefeller  Institute,  Princeton,  N.  J.;  Professor  Otto  Swezey,  Sugar  Planters'
Association,  Honolulu, Hawaiian  Islands;  Sir Arnold  Theiler, Director  of Veteri-
nary Education and Research,  Pretoria, Union of South Africa; Mr.  Troy Thomp-
son,  Agricultural  College,  Miss.;  Dr.  W.  B.  Trimble,  New  York;  Dr.  Eugene
Walker,  Hamilton,  Bermuda;  and  Dr.  B.  E.  Washburn,  International  Health
Board,  Kingston, Jamaica.
3 The  courtesy  of Professor  S.  B.  Wolbach  in giving  me preparations  showing
the parasite  of  Rocky  Mountain  spotted  fever  and assistance  from  the following
members  of  the  Bureau  of  Entomology  in  the  identification  of  specimens  are
gratefully  acknowledged:  Dr.  L.  O.  Howard,  Chief  of  the  Bureau,  Dr.  A.  L.
Quaintance,  Acting  Chief  during  the  summer  of  1922,  and  Dr.  J. M.  Aldrich,
Dr. F. C.  Bishopp,  Dr.  Caudell,  Dr. H. G.  Dyar,  Dr. H.  E. Ewing,  Dr. W.  L.
McAtee,  Dr. W. W.  Mann, Dr. S. A. Rohwer,  Dr. E. A. Schwarz,  and Dr.  Clar-
ence  R.  Shoemaker.
4AIl  other  determinations  were  made  by  Mr.  N.  H.  Cowdry.
5 Wolbach,  S.  B.,  J.  Med. Research, 1919-20,  xli,  185.
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specimens,  like fleas  and some lice, were  fixed in toto, with the exception  of their
legs, and  cut into  serial  sections.  Reduction  of the  time of dehydration  to 2 or
3  hours  made  it  possible  to  section  their  chitinous  coverings  without  undue
difficulty.
Other  fixatives  and  stains 6 were  used  for  special  purposes  and  living  tissues
were examined uncolored  under direct and oblique illumination,  and with supra-
vital  stains (methylene  blue,  neutral red,  Janus green,  etc.)  for control.
OBSERVATIONS.
The first  difficulty was to obtain a preliminary definition  of Rickett-
sia to serve as  a working basis.
According  to Arkwright, Atkin,  and Bacot,7 they are:
"(a) Bodies  of minute size,  usually 0.5r in  diameter or less,  of round or diplo-
coccal shape,  though very minute bacillary and even thread-like  forms occur.
"(b)  Though  resembling very small bacteria  in general  appearance,  they stain
much less readily  than ordinary  bacteria but can be coloured with Giemsa's stain;
they are readily  decolourised by Gram's method.
"(c)  Absence of motility.
"(d)  Resistance  so  far,  with  one  exception,8 to  attempts  made  to  cultivate
them on artificial media in vitro.
"(e)  Their  occurrence  in very  large numbers  in  the gut  and in some  cases in
other  organs  of blood-sucking  insects."
Still  more  recently  Wolbach,  Todd,  and  Palfrey,9 while  admitting  that it is
impossible  to  arrive  at  a  satisfactory  definition,  emphasize  the  specificity  of
6 Fixatives:  95  per  cent  alcohol  (A),  ammoniated  alcohol  (Aa),  acetic  sub-
limate  (As),  Altmann's  fluid  (Al),  Bensley's  A.O.B.  (B),  Bouin's  fluid  (Bo),
Carnoy's  fluid  (C),  da  Fano's  cobalt-silver  nitrate  (D),  10  per  cent  formalin
(F),  Giemsa's  sublimate  (Gs),  2 per cent osmic  acid  (O),  Regaud's  mixture  (R),
Zenker without  acetic  (Z),  and Zenker  with acetic  (Za).  Stains:  aniline-fuchsin-
methyl  green  (A),  Biondi-Heidenhain  (B),  Ehrlich's  triacid  (E),  fuchsin  and
methylene  blue  (F),  Giemsa  (G),  Gram  (Gr),  iron-hematoxylin  (H),  Lbffler's
methylene  blue  (L),  Lffler's  flagella  stain  (Lf),  pyronine-methyl  green  (P),
Wright  (W),  W.  H.  Smith's  capsule  stain  (WHS)  according  to  formulas  given
by Mallory and Wright (Mallory,  F. B., and Wright, J. H., Pathological technique,
Philadelphia  and  London,  7th  edition, 1918)  and Lee  (Lee,  A.  B.,  The  microt-
omist's  vade-mecum.  A  handbook  of  the  methods  of  microscopic  anatomy,
Philadelphia,  8th edition,  1921).
7  Arkwright,  J. A.,  Atkin, E.  E., and  Bacot, A.,  Parasitology, 1921,  xiii,  27.
8  Rickettsia melophagi.' 5
9 Wolbach,  S. B., Todd, J. L.,  and Palfrey, F. W.,  The etiology and pathology
of typhus,  Cambridge,  1922, and others.
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Rickettsia for  certain  insect hosts  and  the  fact  that:  "In  every  instance  where
careful study has been made  it has been found-with  the exception of the Rickett-
sia of  typhus-that  the  organisms  pass  down  through  successive  generations  in
the eggs."
It  is  evident from a review of the literature that investigators have
for  the  most  part  contented  themselves  with  brief  comparisons  of
newly  recognized  organisms  with  Rickettsia  prowazeki,  and  other
more  or  less  familiar  forms,  without  attempting  to  specify  reasons
why  they  should  be included  under  this general  heading  as distinct
from  ordinary  bacteria.  The  presence  of  red-  and  blue-staining
substances  during  the multiplicative  phase, and the formation of  an
hour-glass-shaped  constriction,  have  been  observed  only  in  a  few
instances  and  cannot  therefore  be regarded  as  group  characteristics.
The  frequently  noted  tendency  to  be  colored  less  intensely  than
ordinary  bacteria with  Giemsa's  stain is difficult  to estimate  quanti-
tatively  and  varies  within  wide  limits.
To  lend precision  to this  survey,  stress  is placed upon  the  ability
of  the  organisms  to lead  an intracellular  existence,  their  location  in
the  tissues,  their  host  specificity,  their  Gram-negative  properties,
and  their bacterium-like  morphology.  By  taking  this  action  large
numbers  of  bacterium-like  organisms  which  are present  only in the
intestinal  lumen  are  automatically  excluded  and the problem  is  im-
mensely,  though arbitrarily,  simplified.',
111  carefully selected  species of arthropods were examined, compris-
ing  representatives of 3 classes,  18  orders,  and 59 families.  They in-
clude  sucking forms living entirely on mammalian blood; biting insects
which  depend  for  their  nutriment  upon  epidermal  scales,  hair,  and
feathers,  and only  occasionally  take  blood  which  has  escaped  from
abrasions;  insectivorous  and  vegetarian  forms;  and  species  of  the
most varied habitat.
I0  In this survey  they were  found in 43  out of 111  species.  Of  23 forms  which
were blood-feeding  they occurred in  9, or a little over 39 per cent, which does not
substantiate  Hindle's  (Hindle,  E.,  Parasitology, 1921,  xiii,  157)  claim  that  the
alimentary canal of blood-sucking insects is remarkably free from bacteria.  Many
bacteria,  normal  to  the  digestive  tract  of  Hemiptera,  have  been  described  by
Forbes  (Forbes,  S. A., Bull. Illinois State Lab.  Natural Hist.,  1892,  iv,  1).
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Within  a  single  species  individuals  from widely  separate  localities
were  studied  to ascertain whether  the Rickettsia are  cosmopolitan  in
nature and to determine  the influence  of different  climatic conditions.
For  example,  New  York  bedbugs  were  compared  with  others  from
the Hawaiian Islands,  China,  and Jamaica,  and from  Antigua,  Trini-
dad,  and  Dutch  Guiana.  Many  of  the  species  were  represented
only  by  one  specimen,  while  in  others,  which  proved  to  be  more
interesting,  the  observations  were  extended  to  include  as  many  as
95 individuals,  bringing up  the total number  examined  to  656.
In  order  that the survey  may be  of  constructive  value  in  further
work  along  this  line,  brief  summarized  statements  are  given  of  the
negative  as  well  as the positive  findings,  because  failure  to mention
forms devoid  of Rickettsia would leave  the reader in doubt regarding
the  scope  of  the work  and,  in consequence,  of  its bearing  upon  the
actual distribution of Rickettsia.  In view of our ignorance concerning
the  causes  underlying  parasitism  with  Rickettsia these  records  are
made to cover the locality, the season of the year,  the technique,  the
sex,  and  any  factors  likely  to  influence  the  condition  of  the  host,
such  as  the  presence  of  other  bacteria  and  of  protozoa.  A  large
number  of  the  specimens  were  collected  in Woods  Hole  during  the
month  of  July;"  fixed  in formalin,  followed  by Regaud's  fluid;  and
colored  with  Giemsa's  stain,-which  is  the  history  of  those  about
which no information  is given in the summaries.
Acarus sp.-Honolulu,  Hawaiian  Islands,  April 24,  1922;  Mr.  N. H.  Cowdry.
Fixation,  F and R.  Staining,  G.  One female was negative.
Acrosoma spinea.-Two males  and one  female  were  negative.
Adalia bipuncata.-One female  contained  bacteria  within  intestinal  lumen
and body  cavity.
Amblyomma  americana (Figs.  I  to  4)  (A).-Columbia,  S.  C.,  April,  1922;
Dr.  W.  K.  Lewis.  Fixation,  R.  Staining,  G,  Gr,  F,  and  L.  Two  females
contained  in  one  specimen:  (1) Uniform  straight  rods,  0.2  to 0.3  by  1 to  1. 5 rs,
with rounded  ends, occasionally  in diplo  formation and  often grouped  in  clumps
with long  axes sometimes parallel, stained deep purple with  G, light blue with L,
Gram-positive  and  not  acid-fast,  surrounded  by  very  slight halos,  intracellular
in  all  tissues  and  without  destructive  action  upon  the  cells.  (2) Pleomorphic
rods,  0.6 to  1 by 2 to  4A,  majority  1 by 3,  with rounded ends, often  curved and
with marked tendency to be clumped, stained bluish purple with  G and light blue
" These were collected  by Mr. N. H. Cowdry.
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with  L,  Gram-negative  and  not  acid-fast,  outlines  often  faint  and  surrounded
by pronounced halos, abundant within egg  cells, and apparently  without  destruc-
tive  action.
(B).-Washington,  N.  C.,  April 29,  1922; Dr. Hartwell Robbins.  Fixation, R.
Staining,  G.  Five females  showed  Type  2 but it was  less abundant.
(C).-Baton  Rouge,  La., May 29,  1922;  Dr.  E. Pegram Flower.  Fixation,  A,
Al,  As,  B,  Bo,  C,  Gs,  and  R.  Staining,  A,  G,  and  H.  In  ten  the  eggs  were
noticeably  less developed  than  in  A.  Only  one  female  fixed  in  R  and  stained
with  G  showed  definite  organisms  like  Types  1 and  2  in  A.  Staining  with  H
revealed  an  abundance  of  very  tiny  mitochondria  in  the  egg  side  by  side  with
the organisms  which became decolorized  by treatment with iron alum much more
readily  than did  the mitochondria  (see  Figs.  2 and  4).
Amblyomma  hebrceum.-Pretoria,  Union of South Africa, June, 1922;  Sir Arnold
Theiler.  Fixation,  F and  R.  Staining,  G  and  Gr.  Thirteen  males  and  seven
females contained:  (1)  Uniform rods, 0.25 by 1,,  with rounded ends, purple with G,
and  Gram-positive  within  the  cells  of  the  salivary  glands  of  two  specimens.
Some  of  the  cells  were  swollen,  granular,  vacuolated,  and  unusually  strongly
stained  with  the red  component  of the  dye.  (2)  Pleomorphic  rods,  0.5  to  1 by
1.5  to  4 , majority  1 by 3,  slightly curved  but unbranched,  stained faintly with
G,  Gram-negative.  Outlines  faint  and  surrounded  by  marked  halos,  often
clumped within egg cells, between  egg cells, and within the cells of the Malpighian
tubules.
Amblyomma maculatum.-Van Cleave,  Miss., August,  1922;  Mr. Troy Thomp-
son  (kindness of Dr. R. W.  Harned).  Fixation,  F and R.  Staining,  G  and Gr.
Six  females  contained  pleomorphic  rods,  0.15  to  0.3  by  0.5  to  2,  majority  0.2
by  lp,  with rounded  ends and  often  curved,  purple  with  G,  and  Gram-positive,
in the  eggs  of four  specimens,  one of  which  contained  them  also within  the  cells
and  lumen  of the  Malpighian  tubules,  also  intracellularly  and extracellularly  in
central nervous  system and  intestine.
Amblyomma  tuberculatum.-Perkinston,  Miss., August,  1922; Miss Elsie Preston
(kindness  of  Dr.  R.  W.  Harned).  Fixation,  F  and  R.  Staining,  G  and  Gr.
One  female  was negative.
A nisodactylus  agricola.-Two  females  contained  many  bacteria  within  in-
testinal lumen.
Anystis agilis.-One female was negative.
A phrophora  saratogensis.-Two  were negative.
Apis mellifica.-One contained  almost a  pure  culture  of bacteria  within  intes-
tinal lumen.
Argas mineatus.-Southerland, Fla., June,  1922; Dr. H. Hurlebaus.  Fixation,
Z and R.  Staining,  G.  Two were negative.
Arge erythrosoma.-One  female was negative.
Arge sanguinea.-One  female was negative.
Atomus  sp.  (Fig. 5).-Serial  sections  of  eightfemales  and  seven  of undeter-
mined sex contained  in one uniform  diplococci  about 0.4 by  lp, dark red with G,
and Gram-negative  within large green  pigmented hypoblastic  cells.
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Bombs  vagans.--One  contained  many  bacteria  and  plant  spores  within  in-
testinal lumen.
Boophilus decoloratus.-Pretoria,  Union of South Africa, June,  1922;  Sir Arnold
Theiler.  Fixation,  F  and  R.  Staining,  G,  Gr,  and  WHS.  Ten  females  con-
tained in  all but one instance,  which was doubtful,  highly pleomorphic filaments,
0.6  to  1 by 1 to 7.5p,  majority 0.6 by 5,  wavy, branched  (?),  non-septate,  light
blue  with  G,  Gram-negative,  outlines  relatively  faint,  surrounded  by  marked
halos which  were not differentially  colored  by  WHS,  clumped  within  egg  cells,
and in one specimen  within cells of Malpighian tubules in addition.
Brachyrhinus ovatus.-One was negative.
Camponotus sp.-One showed many intestinal cells loaded with bacteroids very
closely  resembling  those  seen  and  recorded  in Periplaneta americana and  in
Haematopinus suis, but more abundant.
Casinaria infesta  (Fig.  7).-Honolulu,  Hawaiian  Islands,  April  24,  1922;
Mr.  N. H.  Cowdry.  Fixation,  F and R.  Staining,  G and  Gr.  One  contained
filaments  0.3 to 1 by 0.5  to 4u, majority 0.3 by 2p, with rounded ends,  the longer
ones  curved,  dark  blue  with  G,  Gram-negative,  surrounded  by  slight  halos,
singly,  rarely  in clumps  of ten or more within intestinal  epithelial  cells and body
cavity.
Chlorion ichneumoneum.--One was negative.
Chrysopa oculata (Fig. 6).-Two,  one  of which  contained  rods,  0.2  by  0.5  to
1. 2p,  majority 0.2 by  lp, with rounded  ends, purple with  G, and  Gram-negative
within pigmented fat cells.
Chrysophanus hypophleus.--One feniale was  negative.
Cimex lectularius (A).-New  York, December  1 and  8,  1921,  and January 28,
1922.  Fixation,  Aa, Al,  As,  B,  Bo,  C,  D, O, R, Z,  and Za.  Staining,  B,  E,  G,
L, and  P.  Serial  sections  of five,  sections  of five,  and  smears  of  five others  all
showed bodies  conforming  with the  descriptions  of Arkwright, Atkin,  and Bacot.
In addition, they were also discovered free in the lumen  of the  Malpighian  tubules,
as was predicted,  but not observed,  by them.  That the bodies were independent
of mitochondria and  other cell constituents was established.
(B).-New  York,  July,  1922.  Fixation, R.  Staining,  G.  One  was negative.
(C).--Honolulu,  Hawaiian  Islands,  April  24,  1922;  Dr.  R.  G.  Ayres.  Fix-
ation, F and  R.  Staining,  G.  One showed,  in addition to the above mentioned
bodies,  rod-like  and  oval  bodies  about  0.5  by  2 and  0.7  by  1.5A  respectively,
stained  dark  blue,  and  exhibiting  two  spherical  uncolored  areas-a  larger one
(0.3p) at one end and a smaller  (0.2p) at the other-widely distributed throughout
the tissues.  They were  particularly  abundant  within fat  cells  and in the lining
epithelial  cells  of  the intestine.  There  was no  cellular change  other  than  great
distention.  Uniform  rods,  0.3  by lt, in diplo formation,  and  stained  dark  red,
were occasionally  seen within  the  epithelial  cells  of the Malpighian  tubules.
(D).-St. Johns,  Antigua,  May  4,  1922;  Dr.  Dwight  L.  Sisco.  Fixation,  F
and R.  Staining,  G.  Eight females  and one  male only showed  bacteria  within
the body cavity  of one female.
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(E).-Trinidad, June,  1922;  Dr. John L. Rice.  Fixation,  F and R.  Staining,
G.  Twenty-five,  of which eleven  were  male, four female, and ten undetermined,
were negative.
(F).-Kingston,  Jamaica,  June,  1922;  Dr.  B.  E.  Washburn.  Fixation,  F
and  R.  Staining,  G.  Eight  males  and  eight  females,  of  which  five  males  and
one  female  contained  bacteria  within  the  alimentary  tract.  Only  one  male
contained  a  small  clump  of  cocci  (about  0.3u)  within  one  of  the  intestinal  epi-
thelial  cells  and  closely  resembling  the  Rickettsia frequently  found  in  a  similar
location  in New York bedbugs.
(G).-Peking,  China,  May,  1922;  Dr.  S.  R.  Detwiler.  Fixation,  F  and  R.
Staining,  G.  Twenty-two  contained  in three cases  typical  organisms  as in  New
York bedbugs;  one specimen  contained very  large masses  of  bacteria  within  the
body cavity.
(H).-Dutch Guiana,  June,  1922;  Dr.  W.  C.  Hausheer.  Fixation,  F and  R.
Staining,  G.  One male  and  five  females  contained  in  one  typical  organism  as
in New York bedbugs.
Cincindela punctulata.-One  female  contained bacteria within  intestinal lumen.
Colcodiscus lucipatens.-Honolulu, Hawaiian  Islands, April 24, 1922;  Mr. N.  H.
Cowdry.  Fixation,  F and R.  Staining,  G.  One contained a variety of bacteria
within intestinal lumen.
Cryptocephalus sp.-One female was negative.
Cryptomorpha  desjardinsii.-Honolulu, Hawaiian  Islands,  April  24,  1922;
Mr.  N.'H. Cowdry.  Fixation,  F and R.  Staining,  G.  One  was negative.
Ctenocephalus  canis  (Fig. 8).-Honolulu,  Hawaiian  Islands,  March,  1922;
Mr.  N. H.  Cowdry.  Fixation,  F and  R.  Staining,  G  and  Gr.  Serial  sections
of three males and one female  showed  in one male rods 0.2  to 0.3  by 0.4  to  1.5u,
majority  0.3 by  1ul  with  rounded  ends,  stained  red with  G,  and  Gram-negative,
widely  distributed  intracellularly  as follows:  hypoblast,  salivary  glands,  muscle,
fat  cells,  testis,  intestinal epithelium,  Malpighian  tubules  and their  lumina,  etc.
Culexfatigans.-Honolulu,  Hawaiian Islands, March and April,  1922; Mr. N. H.
Cowdry.  Fixation,  F  and  R.  Staining,  G.  Serial  sections  of  twelve  showed
in  three  protozoon-like  bodies  widely  distributed  through  the  tissues,  in  one
spore-like  bodies  in the  intestinal lumen,  and in another numerous  bacilli  within
the intestinal lumen.
Dermacentor  albipictus.-Regina,  Saskatchewan,  Canada,  December,  1921,
and  March,  1922;  Mr.  F.  Bradshaw.  Fixation,  R.  Staining,  G.  Two  were
negative.
Dermacentor variabilis (Figs. 9 and 10)  (A).-Urbana,  Ill., July,  1922;  Dr.  W.
P.  Flint.  Fixation,  F  and  R.  Staining,  G  and  Gr.  Five  females  showed:
(1)  filaments  0.15  to 0.3  by  0.5  to  2u,  majority  0.3  by  2 ,, with  rounded  ends,
sometimes  curved,  red  with G,  and  Gram-negative  in  the  eggs  and  Malpighian
tubule cells  of one  specimen  and  in  the eggs  of another;  and  (2) large masses  of
diplobacilli within rectal  sac of one  specimen.
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(B).-College  Park,  Md.,  July,  1922;  Dr.  E.  N.  Cory.  Fixation,  F  and  R.
Staining,  G.  Eight females all showed similar Gram-negative rods and filaments.
Dermacentor venustus (A).-Hamilton,  Mont.,  May  11,  1922; Dr. R. R. Parker.
Fixation,  R.  Staining,  G and  Gr.  Six  females,  three  males,  and one  of unde-
termined  sex  contained  in  seven  specimens  pleomorphic  rods,  0.15  to  0.8  by
0.3  to  1.5,  majority  0.25  by  1.2a,  with  rounded  ends,  the  longer  ones  often
curved,  sometimes  in  diplo  formation,  dark  blue  with  G,  and  Gram-negative
within intestinal epithelial cells,  egg cells, muscle  cells, etc.
(B).-Wawawai, Wash.,  about June 1, 1922; Dr. A. L. Melander.  Fixation,  R.
Staining,  G.  Two,  one  of  which  contained  bodies  resembling  the  above  men-
tioned  widely distributed  in  the  brain,  salivary  glands,  eggs,  muscle,  intestinal
lumen,  etc.
Deromyia sp.-One was negative.
Dissosteria carolina.-One  was negative.
Dolomedes vrinator.--One was negative.
Dysdera interrita.-One  was negative.
Echthromorpha  maculipennis.-Honolulu,  Hawaiian  Islands,  March,  1922;
Mr.  N.  H.  Cowdry.  Fixation,  F  and  R.  Staining,  G.  One  female  contained
bacteria  within  intestinal lumen.
Epeira trivittata.-One  female  was negative.
Erystalis cneus.-One female  was negative.
Erystalis arbustorum.-One was negative.
Erystalis  punctatus.-Honolulu, Hawaiian  Islands,  April,  1922;  Mr.  N.  H.
Cowdry.  Fixation,  F  and  R.  Staining,  G.  One female  contained  many  bac-
teria  within intestinal lumen.
Erystalis transversus.-One contained  many  bacteria  within  intestinal  lumen.
Erythemis  simplicicollis.--One  female  contained  streptococci  scattered  in
clumps  throughout  the tissues.
Eumenes fraternus.-One  male was negative.
Euschistus euschistoides.-One contained  apparently  a pure culture  of bacteria
within  the intestinal  lumen.
Gonocephalum seriatum.-Honolulu, Hawaiian  Islands,  April,  1922;  Mr. N. H.
Cowdry.  Fixation,  F  and  R.  Staining,  G.  One  contained  bacteria  within
intestinal lumen.
Gryllotalpa africana.-Honolulu, Hawaiian  Islands,  March,  1922;  Mr. N.  H.
Cowdry.  Fixation,  F and R.  Staining,  G.  Two  contained  bacteria  of  diverse
morphology within intestinal lumen.
Gypona sp.-One male was negative.
Gyropus  gracilis.-New York,  April  13,  1922.  Fixation,  R.  Staining,  G.
Serial  sections  of  twenty-five  were  negative.
Hcmaphysalis leporis palustris.-Raleigh, N.  C.,  April  3,  1922;  Dr.  Z.  P.
Metcalf.  Fixation,  F and  R.  Staining,  G.  Nineteen  were  negative.
Hcematobia serrata.-Honolulu,  Hawaiian  Islands,  February  and March,  1922;
Mr.  N. H. Cowdry.  Fixation,  F  and R.  Staining,  G.  Serial sections  of seven
and  one other were  negative.
439RICKETTSIA  IN  INSECTS  AND  ARACHNIDS
Hmematopinus  piliferus.-New  York,  November  22,  1921.  Fixation,  R,  Z,
and Za.  Staining,  G.  Four were  negative.
1Hematopinus suis (A).-Princeton, N. J.,  February  8  and 9,  1922; Dr. Laura
Florence  and  Dr.  Ernest  W.  Smillie.  Fixation,  Aa,  As,  Bo,  C,  R,  Z,  and  Za.
Staining, G,  Gr, and L.  Serial sections  of seventeen,  and smears of eight others,
all  contained  bacteroid-like  organisms  in  intestinal  epithelial  cells  very  similar
to  those  observed  in  Periplaneta americana.  One  contained  clumps  of  cocci
(0.6,u)  in the lumen  of the alimentary  tract and another  exhibited  an infection  of
a Malpighian  tubule  with cocci  (0.2u)  which  invaded  the  cells  and  caused  con-
siderable  destruction  (vacuolation,  etc.).
(B).-Manhattan,  Kansas,  March  3,  1922;  Dr.  C.  W.  Hobbs.  Fixation,  F
and  R.  Staining,  G.  Serial  sections  of  six  from  cases  of  hog-cholera  were
negative,  apart from the bacteroids.
(C).-Ithaca, N. Y.,  May  16,  1922; Dr. V.  A.  Moore.  Fixation,  R.  Staining,
G and H.  Serial sections of  four from cases of hog-cholera  were negative,  except
for bacteroids.
D.-Ames, Ohio,  September,  1922; Dr.  S.  II. McNutt and Dr. Charles  Murray.
Fixation,  F,  R,  and  Z.  Staining,  G.  Four  males  and  thirty-five  females  con-
tained,  in  two,  masses  of  cocci,  similar  to A,  within  intestinal lumen  and bacilli
in six other cases.
Ilburnia ipomaeicola.-Honolulu, Hawaiian  Islands, April 24,  1922;  Mr.  N.  H.
Cowdry.  Fixation,  F and R.  Staining,  G.  One  female  contained,  in the  fatty
tissues,  bodies  about  3  by  7.5;,,  of oval  shape,  exhibiting  considerable  internal
organization  and  suggestive of  protozoa.
Isomera sericea.--One female  was negative.
Isometrus maculatus.-Honolulu, Hawaiian  Islands,  March,  1922;  Mr.  N.  H.
Cowdry.  Fixation,  F and  R.  Staining,  G.  One  was  negative.
Lachnosterna sp.-One contained many bacteria  within intestinal lumen.
Lebia sp.--One female  was negative.
Leistotropus cingulatus.--One female  was negative.
Lepisma saccharina (Fig. 11).--One male  contained  rods  0.2  by 0.2  to  0.7s,
majority 0.2  by 0.6p, straight with rounded ends, red with G,  and Gram-negative
within intestinal epithelial cells and fat cells, and between  the fibers in the nervous
ganglia.
Lestes unguiculatus.-One showed  tissues impregnated  with bacteria  but none
clearly intracellular.
Lucoppia curviseta (Fig. 12).-Serial  sections of  five  females and two males  all
contained  fungi within intestinal lumen;  one was heavily infected with protozoon-
like bodies and  one contained  uniform  rods 0.7 by  1  in diplo  formation,  purple
with  G,  and  Gram-negative,  within  the  large  intestinal  epithelial  cells.
Lycosa pratensis.--One was negative.
Macrodactylus subspinosus.-One contained  many  bacteria  within  intestinal
lumen and body cavity.
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Malachis sp.-Honolulu,  Hawaiian Islands, April 24,  1922;  Mr. N. H. Cowdry.
Fixation,  F and R.  Staining,  G.  One  female  contained  a  few  bacteria  within
the intestinal lumen.
Malthodes parvulus.-One  female was negative.
Margaropus  annulatus (Figs. 13 to  15)  (A).-Columbia,  S.  C.,  April  14,  1922;
Dr. W.  K.  Lewis.  Fixation, R.  Staining,  G and Gr.  Eight females  contained:
(1) in all cases, rods,  0.4 to 0.5 by 0.5  to  3.5,, majority 0.5 by 2u,  with  rounded
ends,  sometimes  curved,  purple  with  G,  Gram-negative,  often  surrounded  by
halos,  in  clumps  within  egg  cells;  (2)  in  one  specimen,  spherules  0.5A,  and  rods
about  0.5  by  1,  purple  with  G,  and  Gram-positive,  found  occasionally  free  in
body  cavity;  and  (3)  in  another,  rods,  0.3  by 0.5  to  2 , purple  with  G,  Gram-
negative,  in the  tissues  between  the cells.
(B).-Washington,  N.  C.,  April  29,  1922;  Dr.  H.  Robbins.  Fixation,  R.
Staining,  G.  Ten females  contained  bodies like Type  1 above  mentioned  in  the
egg  cells,  except  that  in  some  cases  they  attained  a length  of  5 . When  thus
elongated,  they  tended  to  be arranged  in clumps  with long  axes parallel.  The
Malpighian  tubules  and rectal  sac  in one  were  heavily  infected apparently  with
the  same  organism.  The  lining  cells  became  so  distended  that  they  ruptured
and discharged  organisms into  the lumen.
(C).-Baton  Rouge,  La.,  May 2,  1922;  Dr. E.  Pegram  Flower.  Fixation,  R.
Staining,  G.  Two females  were  examined.  The  eggs  contained  bodies  like  the
Type  1 organism  but the Malpighian  tubules were  not infected.
Margaropus annulatus australis (A).-Jamaica, June,  1922;  Dr.  B.  E.  Wash-
burn.  Fixation,  F and R.  Staining,  G and  Gr.  Four males and  two of unde-
termined  sex contained  in four slender  rods 0.6 to  1 by 3  to 8,  majority  1 by 3A
with  rounded  ends, often  curved,  light blue  with  G,  Gram-negative,  surrounded
by marked  halos,  in  cells  of Malpighian  tubules  and  in two  specimens  disposed
in clumps  in the  eggs.
(B).-Trinidad,  July,  1922;  Dr.  John  L.  Rice.  Fixation,  F  and  R.  Stain-
ing,  G  and  Gr.  Three  females  contained  organisms  like  the  above  mentioned
in eggs and cells  of Malpighian  tubules.
Megalotomus quinquespinosus.-One contained  masses  of  streptococci  within
intestinal lumen.
Menopon pallidum.-New  York,  November  22,  1921,  and  January  12,  1922.
Fixation,  O,  R,  Z,  and  Za.  Staining,  G  and  Gr.  Serial  sections  of four  and
sections  of  one  other  contained:  (1)  in  the  intestinal  lumina  of  four  specimens,
diplococci 0.3 by 0.7M, dark blue with G, and Gram-positive;  and  (2)  within the in-
testinal lumina  of  the same  specimens,  smaller cocci,  about 0.2u,  stained less in-
tensely  with G, and  Gram-negative,  associated  with  considerable  destruction  of
the  lining epithelial  cells,  but with  no blood or blood  pigment in  the lumen.
Misumena vatia.-One contained  an  abundance  of protozoon-like  bodies.
Monobia quadridens.--One contained  many  filamentous  bacteria  within  intes-
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Monomorium pharaonis.-New York,  January  10,  1922.  Fixation, R.  Stain-
ing,  G.  Serial sections  of three were  negative.
Musca  domestica.-New York,  January  7,  1922.  Fixation,  R.  Staining,  G
and Gr.  One  contained  bacilli within  intestinal lumen.
Mutilla sp.-One was negative.
(Echila grisea.-Honolulu,  Hawaiian Islands, April 24,  1922; Mr. N. H.  Cowdry.
Fixation,  F  and  R.  Stdining,  G.  One  contained:  (1)  oval  bodies  about  1.4
by  4.5,  staining  purple  and  showing  marked  internal  organization,  distributed
in  clumps  in  body  cavity  and  in  tissues  surrounding  the  alimentary  tube;  and
(2)  cocci,  diplococci,  and-bacilli  in large numbers within the intestinal lumen.
Ornithodoros  turicata (Fig. 16).-Arizona, March,  1922; Dr. W. Reid Blair.  Fix-
ation,  R.  Staining,  G  and  Gr.  One  female  contained  pleomorphic  rods,  0.5
to 1 by 0.5  to 
2.5#, majority  0.7 by 
2y,  rounded  ends,  often  in  diplo  formation,
purple  with  G,  Gram-negative,  sometimes  surrounded  by halos in  eggs  and cells
of Malpighian  tubules.
Pallodes pallidus.-One  female  was negative.
Pantala flavescens.-Honolulu,  Hawaiian  Islands,  March,  1922;  Mr.  N.  H.
Cowdry.  Fixation,  F  and  R.  Staining,  G  and  Gr.  One  contained  a  variety
of bacteria,  both  Gram-positive  and  Gram-negative,  within  intestinal lumen  and
clumps  of  protozoon-like  organisms  widely  distributed  throughout  the  tissues
both in and  between  the  cells.
Pediculus humanus (A).-New  York,  January  7,  1922;  Dr.  W.  B.  Trimble.
Fixation,  R,  Z,  and  Za.  Staining,  G.  Serial  sections  of  three  and  smears  of
six  others were  negative.
(B).-Serial sections of another  taken in the month of June were negative.
(C).-St.  Johns,  Antigua,  May  4,  1922;  Dr.  Dwight  L.  Sisco.  Fixation,  F
and R.  Staining,  G.  Serial  sections  of eight  females  showed  in two  cocci,  0.5
to 
1 , and bacilli, 0.5 by  2p,  purple with G  in  the lumen  of the pharynx, but not
extending  into the stomach or intestines.  Sections  of  several nits were  negative.
(D).-Princes'  Town,  Trinidad,  May,  1922;  Dr.  John  L.  Rice.  Fixation,  F
and  R.  Staining,  G.  Serial  sections  of  seven  males  and eighteen  females  con-
tained  in  four  females  rods 0.2  by 0.61,  with  faint  outlines,  sometimes  in  diplo
formation,  pink  with  G,  and  Gram-negative,  strongly  suggestive  of  Rickettsia
pediculi, within intestinal lumen.l
2
(E).-Kingston,  Jamaica;  Dr.  B.  E.  Washburn.  Fixation,  F  and  R.  Stain-
ing,  G.  Serial sections of fifteen males  and ten females  showed only  in one  male
a few extracellular  cocci in the pharynx.
(F).-Peking,  China,  May,  1922;  Dr.  S.  R.  Detwiler.  Fixation,  F and  R.
Staining,  G.  Serial  sections of  nine  males,  sixteen  females,  and  two  of  undeter-
mined sex were negative.
12 No  direct  contact  with  Europe  could  be  traced  but  a  regiment  from  the
island took part  in the war.
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(G).-Canton,  China,  December  28,  1922;  Dr.  W. H.  Cadbury.  Fixation,  F.
Staining,  G.  Eleven  males  and  seven  females  were  negative.
(H).-Hamilton, Bermuda, November  27,  1922; Dr. Eugene Walker.  Fixation,
F.  Staining,  G.  Two males  and eight  females  were negative.
Pelecinus polyturator.-One female was negative.
Pelidnota punctata.-One female  contained  large  masses of  diplobacilli  within
the segments of  the alimentary  tube.
Periplaneta  americana (A).-New  York,  January 4  and 10,  1922.  Fixation,  Z
and  R.  Staining,  G.  Two  showed  the  usual  bacteroids  in  the  fat  cells  fully
described by  Glaserl3  and Hertig.'4
(B).-Honolulu,  Hawaiian  Islands,  April,  1922;  Mr.  N.  H.  Cowdry.  One
showed  similar bacteroids.
Phalangium dorsatum.-Two  in  one  case  showed  bacteria  within  intestinal
lumen.
Photinus sp.-One was negative.
Pieris rape.-Honolulu, Hawaiian  Islands,  March,  1922;  Mr.  N. H.  Cowdry.
Fixation,  F and R.  Staining,  G and Gr.  One showed  Gram-positive sporulating
bacilli within  intestinal  lumen  and  body cavity.
Polistes pallipes.-Of two  females,  one  was negative  and  the  other  contained
many bacteria  within  intestinal  lumen.
Porthenia dispar.-One  caterpillar  was negative.
Promachus sp.-One was negative.
Psocus sp.-One was negative.
Pulex  irritans (Fig. 17).-Trinidad,  May,  1922;  Dr.  John  L.  Rice.  Fix-
ation, F and R.  Staining, G and Gr.  Serial sections of seven  males and eighteen
females, of which only one female  contained:  (1)  rods,  0.2 by 0.5,  with rounded
ends,  faintly  outlined,  purple  with  G,  Gram-negative,  in  clumps  within  the
intestinal  lumen,  but  not observed  within  the  epithelial  cells;  and  (2)  filaments
0.3  to  0.6  by  0.6  to  4,  majority  0.3  by 3u,  with  rounded  ends,  often  curved,
prominent halos,  same staining reaction, within the body cavity and in the  smaller
fat cells;  probably similar to Type  1.
Reduviolus sp.-Honolulu,  Hawaiian Islands, April 24,  1922; Mr. N. H. Cowdry.
Fixation,  F  and  R.  Staining,  G.  One  contained  delicate  rods  about  0.2  by
0.82,  purple  with  G,  in  clumps  within  the body  cavity  and  in  a  layer  of  cells
which  invests  the  epithelial  lining  of  the  intestine.  The lumen  of the  intestine
contains  the  same bacilli and  a  fungus.
Rhipicephalus evertsi.-Pretoria,  Union of South Africa,  June,  1922;  Sir Arnold
Theiler.  Fixation,  F and  R.  Staining,  G and  Gr.  Eighteen  females  and two
males contained:  (1) uniform rods, 0.5  by 1 to  2,u  with rounded  ends,  purple with
G, and Gram-negative,  in large numbers  within intestinal  lumen and occasionally
penetrating lining cells in seven; and (2)  pleomorphic  filaments 0.6 to 1 by 2 to 6,
13 Glaser, R. W., Biol. Bull.,  1920, xxxix,  133.
4 Hertig, M., Biol. Bull., 1921,  xli,  181.
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majority  1 by 
4,,  with rounded  ends, often  curved,  colored less intensely with G,
and  Gram-negative,  within egg  cells of  seventeen and cells of Malpighian  tubules
of  six.
Rhipicephalus sanguineus (Figs. 22 and 23)  (A).-Honolulu, Hawaiian  Islands,
February  and  March,  1922;  Mr.  N. H. Cowdry.  Fixation,  F and R.  Staining,
F, G,  Gr, L,  and  P.  Fourteen  specimens  contained  pleomorphic  rods  0.3  to 0.5
by 0.5 to 
3u, majority 0.3 by 2u, with rounded ends, often curved,  purple with G,
lightly  colored  with  P  and  L,  Gram-negative,  not  acid-fast,  within  the  cells  of
the  Malpighian  tubules  in  thirteen  and  in one  in  egg  cells.  The  former  were
greatly  enlarged  and  often  ruptured  with  the  discharge  of  organisms  into  the
lumen.
(B).-Dutch  Guiana,  July,  1922;  Dr.  W.  C.  Hausheer.  Six  were  negative,
except for  one  which was  doubtful.
Sallicus scenicus (Figs. 18  to 21).--One female  contained  filaments  0.2  to  0.3
by 1 to  5,  majority  0.2 by 4u, with curved,  rounded ends, stained lightly with G,
and  Gram-negative,  in  the nervous system and within fat cells and egg  cells.  In
the latter  location  they  occurred  with  great  constancy,  one  clump  to  each  cell.
Each  clump was very compact,  about the size of the nucleus, i.e. 351u  in  diameter,
and was  surrounded  by a  dense  capsule  averaging  7.5p  in  thickness.  Six  addi-
tional  specimens  taken  3  weeks  later  showed  similar  cysts  in  the  egg  cells  of
three females.
Satyrus alope.-One female  contained  many  lightly  staining  bacteria  within
intestinal lumen.
Scolopendra repens.-Honolulu, Hawaiian Islands,  February,  1922;  Mr.  N. H.
Cowdry.  Fixation,  F  and  R.  Staining,  G  and  Gr.  One  contained  diplococci
and bacilli within intestinal lumen.
Scutigera forceps.-New  York,  January  12,  1922.  Fixation,  R.  Staining,  G.
One was negative.
Sminthurus  sp.-Two  contained  fungi  and  a  variety  of  bacteria  within  in-
testinal lumen.
Spilopsyllus  simplex.-New  York,  January  30,  1922.  Fixation,  R  and  Z.
Staining,  G.  Serial  sections  of two and  smears  of  one other  were negative.
Sympetrum semicinctum.-Two were negative.
Tapinoma sessile.-One male was negative.
Telephorus lineola.-One  female  contained fungi within intestinal lumen.
Termes sp.-Honolulu,  Hawaiian  Islands,  April 24,  1922;  Mr.  N. H. Cowdry.
Fixation,  F  and  R.  Staining,  G.  One  contained  a  few  bacteria  within  the
intestinal lumen.
Theriodion tepidariorium.-New York, January  12 and  18,  1922.  Fixation, Z
and  Za.  Staining,  G.  Two  were negative.
Trombicula akamushi.-Japan,  Dr. M.  Miyajima.  Fixation,  A.  Staining,  G.
One  adult  was negative.
Tychius  picirostris.-One contained  great  masses  of bacteria  within intestinal
lumen and body cavity.
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Urographis  fasciata.-One contained  many bacteria  within  intestinal  lumen.
Vespa maculata.-One contained  many  bacteria  within  intestinal  lumen.
Xylocarpa varipunctata.-Honolulu, Hawaiian Islands,  April,  1922;  Mr. N. H.
Cowdry.  Fixation,  F  and  R.  Staining,  G.  One  contained  bacteria  within
the intestinal lumen.
The  survey  shows  that  intracellular,  Gram-negative,  bacterium-
like  Rickettsia  are  not  of  particularly  rare  occurrence,  since  they
were found in 19 out of  111  species examined;  that is to say, in about
17  per  cent.  This  may  be contrasted  with  the presence  of bacteria
within the intestinal  lumen in 39  per cent.  Of these  nineteen types,
two,  occurring  in  Dermacentor venustus and  Cimex  lectularius, are
described  in the literature,  while  the remaining  seventeen,  occurring
in Amblyomma americana  (Figs.  1 to 4), Amblyomma hebrceum, Atomus
sp. (Fig. 5), Boophilus decoloratus, Casinaria  infesta (Fig. 7), Chrysopa
oculata (Fig.  6),  Ctenocephalus canis (Fig.  8),  Dermacentor variabilis
(Figs.  9  and  10),  Lepisma saccharina (Fig.  11),  Lucoppia curviseta
(Fig.  12),  Margaropus  annulatus (Figs.  13  to  15),  Margaropus annu-
latus australis,  Ornithodoros  turicata (Fig. 16), Pulex irritans (Fig. 17),
Rhipicephalus sanguineus  (Figs.  22  and  23),  Rhipicephalus evertsi,
and Salticus scenicus (Figs. 18 to 21), have not hitherto been reported.
If the  arbitrary  definition  already  given  be  adhered  to,  at least  two
other  Rickettsia which  are  described  in  the literature  in  Pediculus
humanus' and  one  in  Melophagus ovinust5 can  be  added,  making  a
total of twenty-two.  The intracellular  organisms described  in Cimex
hirundinus,7 Ctenocephalusfelis, 16 and Ctenopsylla musculil6 are prob-
ably Gram-negative,  but until definite  information  is forthcoming  on
this point  their status remains  uncertain.  There  is  every  reason to
believe that many other Rickettsia will be found  though not in so high
a percentage  unless  the species  examined  are  recruited  in  like  pro-
portion  from  the several  families,  because  in  the  present  survey  a
large  number of  blood-feeding  forms  are  included  in which  they  are
particularly  abundant.  Only  the  barest outline  of their actual  dis-
tribution  may be arrived  at from  so brief a study in consideration of
the  hundreds  of  thousands  of  species  concerning  which  nothing  is
known.
16 N5ller, W., Arch. Schiffs- u. Tropen-Hyg., 1917,  xxi, 53.
16  Sikora, H., Arch. Schiffs- u. Tropen-Hyg., 1918,  xxii, 442.
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In the following systematic  list all the Arachnida,  Myriapoda,  and
Hexapoda  examined  are noted  and  those  found to contain  Rickettsia
are given in capitals as are also the above mentioned species described
in the  literature.  If a larger  number  of  individuals  in each  species
had been  examined  it  is quite likely  that Rickettsia would have been
found  in  species  which  are  here  reported  negative.  Similarly,  if
individuals had been  taken at regular intervals  throughout  the year,
in more localities,  and in a wider range  of physiological  conditions,  or
had  been examined  more closely  in more perfect  sections,  Rickettsia
might well prove  to be of more  general  occurrence.  In other words,
the  actual  distribution  in  the  111  species  examined  is  probably
greater  than  is  indicated.
Arachnida.
Scorpionida.  Isometrus maculatus.
Phalangidea.  Phalangium  sp.
Araneida.  Dysdera interrita.
Theridiidr.  Theriodion tepidariorium.
Thomiside.  Misumena vatia.
Epeiridae.  Acrosoina spinea;  Epeira trivittata.
Lycosidxe.  Dolomedes  urinator; Lycosa  pratensis.
Attide.  SALTICUS  SCENICUS.
Acarina.  Trombidiidae.  Acarus  sp.;  Anystis  agilis;  ATOMUS  SP.;
LUCOPPIA  CURVISETA;  Trombicula
akanushi.
Argasidxe.  Argas  mineatus;  ORNITHODOROS  TUR-
ICATA.
Ixodidxe.  AMBLYOMMA  AMERICANA;  AMBLYOM-
MA  HEBRIEUM;  Amblyomma  macu-
latun; Amblyomma  tuberculatuin;  BOOPH-
ILUS  DECOLORATUS;  Dermacentor  al-
bipictus;  DERMACENTOR  VENUSTUS
(Wolbach
5);  DERMACENTOR  VARIA-
BILIS;  Hcemaphysalis leporis palustris;  MAR-
GAROPUS  ANNULATUS;  MARGAROPUS
ANNULATUS  AUSTRALIS;  RHIPI-















































LEPISMA  SACCHARINA;  Malachis sp.
Sminthurus sp.
Erythemis  simplicicollis;  Lestes  unguiculatus;







Cimex  hirundinis; CIMEX  LECTULARIUS
(Arkwright,  Atkin, and Bacot7).
Aphrophora saratogensis; Gypona sp.; Ilburnia
ipomceicola.
Gyropus gracilis;  Hcematopinus piliferus;  Hema-
topinus suis; PEDICULUS  HUMANUS  (da
Rocha-Limal).
Euschistus euschistoides; (Echila grisea.






Deromyia sp.; Promachus sp.
Culex fatigans.
MELOPHAGUS  OVINUS Nller.'5
Hcematobia serrata;  Musca domestica.
Erystalis ceneus; Erystalis arbustorum; Erystalis
punctatus; Erystalis transversus.
CTENOCEPHALUS  CANIS;  PULEX  IR-
RITANS; Spilopsyllus simplex.
Isomera  sericea.
Anisodactylus  agricola;  Colcodiscus  lucipatens;









Lachnosterna  sp.;  Macrodactylus  subspinosus;
Pelidnota puncata.
Leistotropus cingulatus.
Malthodes parvulus; Telephorus lineola.
Gonocephalum seriatum.
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Hymenoptera.  ApidTe.  Apis  mellifica;  Bombus  vagans;  Xylocarpa
varipunctata.
Eumenide.  Eumenes fraternus;  Monobia quadridens.
Formicide.  Camponotus sp.; Monomorium pharaonis; Tap-
inoma sessile.
Ichneumonidl.  CASINARIA  INFESTA;  Echthromorpha macu-
lipennis.
Mutillide.  Matilla sp.
Pelecinide.  Pelecinus polyturator.
Sphecidm.  Chlorion ichneumoneum.
Tenthredinr.  Arge erythlrosoma;  Arge sanguinea.
Vespidae.  Polistes pallipes; Vespa maculata.
DISCUSSION.
From the observations  it follows  that the occasional  occurrence  of
Rickettsia in certain  species  of the following  groups  may be accepted
although  these groups are not closely related in a phylogenetic  sense:
AttidEe,  Trombidiidae,  Argaside,  Ixodidam,  Cinura,  Acanthiide,
Pediculidae,  Hippoboscide,  Chrysopide,  Pulicidae,  and  Ichneu-
monidma.  Systematically  there  is  a sharp  line  of  cleavage  between
the first  four  families,  which  are  arachnids,  and  the  other  groups,
which  are  insects.  Among  the  latter,  members  of  the  suborder
Cinura  are considered  to  be  very primitive  in their  affinities  and  as
such  may  be  contrasted  with  those  belonging  to  the  other  families
which  comprise  representatives  of  as  many  as  six  different  orders.
There are evident no common attributes in  these groups which would
explain  the  presence  of Rickettsia.
The  majority  of  the  species  which  possess  Rickettsia live  entirely
upon mammalian blood (A mblyomma americana,  A mblyomna hebrceum,
Boophilus  decoloratus,  Cimex  lectularius, Ctenocephalus  canis,  Der-
macentor  variabilis, Dermacentor  venustus,  Margaropus  annulatus,
Margaropus  annulatus  australis,  Ornithodoros  turicata,  Pediculus
humanus, Pulex irritans,  Rhipicephalus  sanguineus, and Rhipicephalus
evertsi);  but  one  is insectivorous  (Salticus scenicus);  two  are  insec-
tivorous  in larval stages,  becoming vegetarian  in adult life  (Casinaria
infesta and  Chrysopa oculata); one  is  chiefly vegetarian  but  will eat
wool  (Lepisma saccharina); and  two  are  usually  wholly  vegetarian
(Atomus sp.  and Lucoppia curviseta).  In view  of these facts we  can
hardly  go further than to say that although blood feeding may deter-
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mine  the  presence  of  certain  Rickettsia, it is not responsible for the
occurrence  of all  of  them.'
Neither is  it possible  to link  the presence  of Rickettsia with a re-
curring  phase  in  the  physiologic  behavior  of  the  several  species.
Some  are  mammalian  ectoparasites,  while  others  are  free  moving
and winged.  Only comparatively  few species  that  contain Rickettsia
are  associated  with  disease.  The  influence  of  changes in  season,  of
variations  in  moisture,  of  temperature,  and  of  pressure  must  be
determined  by the close experimental  study  of individual forms,  and
is  not within  the  scope  of this  paper.
The  restriction  of  Rickettsia  to  certain  tissues  in  some  species
(cf.  Dermacentor  variabilis, Rhipicephalus sanguineus,  etc.)  and  their
wide  distribution  throughout  the  body  in  others  (cf.  Ctenocephalus
canis and Cimex lectularius) would  seem to  indicate  either  that the
conditions  determining  their  occurrence  may  be local  or widespread
or  else  that  they  themselves  differ  in  their  requirements.  Their
presence in the eggs of Amblyomma  americana, Amblyomma  hebreum,
Boophilus decoloratus, Dermacentor variabilis, Margaropus annulatus,
Margaropus annulatus australis, Ornithodoros turicata, Rhipicephalus
sanguineus,  Rhipicephalus evertsi, and Salticus  scenicus suggests not only
that egg  cells  offer  an unusually  favorable  medium  for their growth
and multiplication but also that  their presence may be the result of di-
rect passage  to the offspring.  The tendency  which the Rickettsia ex-
hibit to form definite and well defined clumps in the cytoplasm of egg
cells is often  even more pronounced  than is illustrated in Figs.  1 and
10.  It indicates that after penetration the organisms multiply in loco
without further migration,  for  a time at any  rate.  Other favorable
places  for  multiplication  are  found  in  the  cells  of  the  Malpighian
tubules  which frequently  contain  Rickettsia, like those inhabiting the
37Hindle's  discovery  (Hindle,  E.,  Parasitology, 1921,  xiii,  156)  of organisms
resembling  Rickettsia melophagi within  the intestinal  lumen of  7 to 8 per cent of
horse  lice  (Trichodectes pilosus) examined,  is not  of itself  sufficient  evidence  to
conclude that the infection is  not acquired through the ingestion  of infected blood.
Although  the Mallophaga  have their mouth-parts adapted  for biting rather  than
for  sucking,  and  live  chiefly  upon  hair,  epidermal  scales,  etc.,  the  possibility
remains that they  may occasionally  take  blood which has escaped  from scratches
or abrasions  in  the  skin, unless  it is definitely  excluded  through  the failure  of a
microscopic  examination  of the  intestinal  contents  to reveal  any blood  pigment.
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egg  cells in no less than eight  of the  above mentioned  species.  Cells
of the intestinal epithelium  contain Rickettsia of rather varied types in
Casinaria  infesta, Ctenoceplzalus canis, Dermacentor  venustus, Lepisma
saccharina, Lucoppia  curviseta, and  Rhipiceplhalus evertsi; while still
other Rickettsia apparently remain free in the intestinal lumen or pene-
trate  into  different  tissues  in  Cimex  lectularius, Pulex irritans, and
Rhipicephalus evertsi.  But how they come to take up special positions
removed  from  possible  points  of  entry  is not  easily  explained  if the
statement  is true that, as a group,  they possess  no  power  of  indepen-
dent  motility.  Somewhat  similar  examples  of  the  specific  localiza-
tion  and  multiplication  of  bacteria  in  mammalian  cells  not  pro-
nouncedly  phagocytic  are  recorded by  Smith 8 and Tyzzer.19
Notwithstanding  their  ability  to live  in  nearly  related  forms,  as,
in  the light  of Wolbach's  work, may  be inferred from  Maver's"0 suc-
cess  in  transmitting  the virus  of  Rocky Mountain  spotted  fever  by
means of Dermacentor marginatus, Dermacentor variabilis, and Ambly-
omma  americana, they  do  exhibit  a marked  preference  for  certain
hosts.  The  specificity  seems to hold even  for nearly  related  species
of  the  same  genus.  Thus  Arkwright,  Atkin,  and  Bacot  found
Cimex  lectularius to  harbor  one  organism  and  Cimex  hirundinus
another, distinguishable  in size,  shape, and staining reaction.  Refer-
ence  to the observations  will indicate  how different  is  the content  of
organisms  in  Amblyomma  americana, Amblyomma  hebreeum,  Ambly-
omma  maculatum, and  Amblyomma  tuberculatum.  Similarly,  within
the genus  Dermacentor there  appears  to  be  a somewhat  parallel  case
of  host  specificity.  Specimens  of  Dermacentor venustus  from  the
States of Montana and Washington  were found to contain apparently
identical  organisms;  and  examples  of  Dermacentor variabilis from
Illinois  and  Maryland  possessed  similar  organisms  which  differ from
those just  mentioned  only in being  somewhat more  slender and  less
widely  distributed  through  the  tissues  (Figs.  9  and  10).  But  the
organisms  cannot  be  definitely  identified  on  purely  morphologic
grounds  in the  absence  of  cultural  criteria.  Differences  in morphol-
ogy may only  reflect  a  different  environment.
'8 Smith,  T., J.  Exp. Med.,  1919,  xxix,  454.
'9 Tyzzer, E. E., J. Med. Research, 1917-18,  xxxvii,  307.
20 Maver,  M.  B.,  J.  Infect. Dis.,  1911,  viii,  327.
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That the association  of certain  Rickettsia with definite  insect hosts
is  a phenomenon  of  wide  distribution  geographically  may be  safely
deduced  from  the  observation  that specimens  of  Margaropus annu-
latus from the states of North and South Carolina  and Louisiana  are
uniformly  infected  with what  would  seem  to  be the  same  organism,
while  examples  of Margaropus  annulatus australis  from  the islands  of
Jamaica  and  Trinidad  contain  an  organism  which  differs  only  in
being  considerably  longer.  A  more  striking  instance  of  the  same
sort is afforded  by Cimex lectularius.  The work of Arkwright, Atkin,
and Bacot,  and of Bacot2 has shown that a  large percentage  of bed-
bugs  in both  London  and  Warsaw  are  parasitized  with  Rickettsia.
The  existence  of  similar  organisms  (clearly  identified  by  their  dis-
tinctive  morphology  and  distribution)  in  specimens  captured  in
New York, the Hawaiian Islands, China, Jamaica,  and Dutch Guiana
as herein reported seems to point to an almost world-wide infestation.
The  failure to find  the bodies  in bedbugs from Antigua and Trinidad
means little, since the preservation  of the  specimens from these locali-
ties  was not  wholly  satisfactory.  It  is not  clear  how  the  bedbugs
acquire the infestation unless it is from other bedbugs.  Possibly they
may  transmit it to Opsicwatus personatus which  regularly  feeds upon
them but which  has not yet been  studied in this  connection.
In this survey lice taken  in New York were  found  to be devoid  of
Rickettsia.  The  same  is  true  of  specimens  from  Peking,  where,
nevertheless,  cases  of  typhus fever  occasionally  occur  in the  winter
months.  Specimens from  Bermuda,  Canton,  Jamaica,  and Antigua,
as one would  expect,  failed  to  contain  the  bodies;  but  others  from
the  Island  of  Trinidad  contained  some  closely  resembling  Rickettsia
pediculi and presumably  therefore  of  a  benign  type.
A recognizable  cellular reaction is usually absent  as noted by Wol-
bach in his  description  of  the parasite  of  Rocky Mountain  spotted
fever.  The  cells  containing  Rickettsia  are  sometimes  greatly  dis-
tended  and  occasionally  rupture  (Fig.  22),  but otherwise  there is no
outspoken  evidence  of  injury  unless perhaps  in the  cases  of  Derma-
centor variabilis  and Salticus scenicus.  In the  former, the cytoplasm
of the  ovarian  epithelial  cells  is very  much  more  granular  and  the
21  Bacot, cited  by  Wolbach,  Todd, and  Palfrey.9
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nuclei  show  less uniformity  in their staining reactions  than in either
Dermacentor  albipictus or Dermacentor venustus.  In Salticus scenicus
the  Rickettsia, when present  in the  egg  cells,  are  clumped  and  sur-
rounded  by a capsule  which must represent  a reaction on  the part of
the  cytoplasm  (Fig.  19).  One cyst of this type, about the size of  the
nucleus, but quite distinct from it in structure, may be found in every
egg cell  of infected  specimens,  but it is not clear  why the  cytoplasm
of  other  cells  containing  apparently  identical  organisms  does  not
respond  in the  same  way  (Figs.  18  and  20).  In  no instance  was it
possible  to detect any preference  on the part of any of the Rickettsia
for  special  parts  of  the  cytoplasm  or  for  areas  containing  larger  or
smaller  amounts  of  mitochondria.  When  they  are  present  in  the
same cells with Gram-positive  bacilli, as in the egg cells of Amblyomma
americana, they  do not intermingle  with such organisms but tend to
form separate  clumps more peripherally situated.
It is not  to be  expected  that all  the phenomena  observed  in  con-
nection with Rickettsia will find their explanation  in the same factors,
because  so many different organisms  are grouped under  this heading.
The  wide  differences  within the  group  become  evident  on a  perusal
of  the  literature.  From  being  "smaller  than  the  smallest  bacteria"
(Rickettsia  prowazeki)  they  range  to  filaments  several  microns  in
length  (Rickettsia  lectularia).  They  may  be  coccal,  diplococcal,
streptococcal,  or  bacillary.  They  may  be  homogeneous,  show
polar  staining  like  some  bacteria,  or  exhibit  a  differentiation  into
materials  capable  of  being  colored  red  and  blue  during  division.
Some  are  cultivable,22 while  others  are resistant,  some  are  typically
extracellular,  others intracellular.  And finally  their dispersal  in the
tissues of the host, and their life  histories,  exhibit few  if any features
in  common.  The  parasite  of  Rocky  Mountain  spotted  fever,  as
described by Wolbach,  seems to stand alone in its ability  to lead,  for
a time at least,  an intranuclear  existence;  and in certain other features
of  its  life  history  is  unique.  No  organism  has  yet been  reported,
except perhaps Rickettsia hirundinus,  which  even approximates  in its
behavior  to  Rickettsia lectularia, and  a  glance  at  the  plates  will  be
22  Rickettsia  melophagi' 5 and  Rickettsia  Rocha-Lima  (Weigl,  R.,  Przeglad
Epidemjol., 1921,  i,  373).
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sufficient to indicate the variability of the intracellular Gram-negative
Rickettsia  herein  described.
From  the foregoing  discussion it will be  seen  that  evidence  is not
lacking that the bodies called Rickettsia found in the  tissues of insects
and  arachnids  are  true  microorganisms.  Indeed,  it is  not  easy  to
refer  to  them by the lifeless non-committal  term of "bodies."  They
occur in large numbers and no special methods  are required  for their
demonstration.  Severe  pathological  changes do not, as in mammals,
render  their demonstration  difficult.
Woodcock  has  claimed  that  the  bodies  referred  to  as  Rickettsia
in human and  mammalian tissues  are nothing but phagocytosed  red
blood  cells,  and  has  only  recently  extended  this  interpretation  to
Rickettsia in  insects.23 The  resemblance  in  shape  between  granules
of pigment  of  hematogenous  origin  and  certain  Rickettsia in insects
is undeniable,  but the  pigment granules usually retain some  trace  of
yellow  color  and  are  never  typically  basophilic.  Furthermore,
Rickettsia are  frequently  found  in  tissues  which  do  not  exhibit  the
power  of phagocytosis,  or possess  it only in  a  restricted  degree.
Although  they  closely  resemble  mitochondria  morphologically,  as
the plates  show,  confusion of  the two is  unnecessary.  A  comparison
of Figs. 1 and 13, of Rickettsia in egg and nephridial  cells,  with Figs. 2
and  4,  illustrating  mitochondria  in  the  same  locations,  will  reveal
the fact that the latter exhibit more pronounced  pleomorphism,  and
that, being  normal  cell  constituents,  they  are  met with  in  all  cells.
Mitochondria  never occur  in the intestinal lumen  or apart from cells
as  do Rickettsia, neither do they  stain with  basic dyes, except  under
special  conditions,  and  then only faintly.  Additional distinguishing
points have  been  given  elsewhere  by  Cowdry  and  Olitsky.24  That
the  organism  of  Rocky  Mountain  spotted  fever  is  independent  of
mitochondria  in mammalian  tissues  has  been  shown  by  Nicholson.25
Tinctorially,  Rickettsia  more  closely  approximate  to  nuclear
material  than  to  mitochondria,  but  all  my attempts  to  establish  a
genetic  relation between the two  have broken  down.  The extrusion
23 Woodcock,  H. M., J. Roy. Army  Med. Corps, 1921,  xxxvii, 418;  1922,  xxxix,
251.
24 Cowdry, E. V.,  and Olitsky, P. K., J.  Exp. Med.,  1922,  xxxvi,  521.
25Nicholson,  F. M., J.  Exp. Med.,  1923,  xxxvii,  221.
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of nuclear substance  is marked in the egg cells  of Amblyomma  ameri-
cana, but as Figs. 3 and 1 show, it bears  no resemblance  to the Rick-
ettsia bodies in the eggs of the same species,  the property of taking up
basic dyes being probably  due, as in the case  of some bacteria, to the
possession  of  a relatively  large  amount  of  diffusely  distributed  iron-
containing protein.
The  conclusion  seems  almost  unavoidable  that  some  at  least  of
the  intracellular  Gram-negative  Rickettsia  described  in  this  paper
are  merely  bacteria,  but Wolbach's  discovery  that  the  parasite  of
Rocky  Mountain  spotted  fever passes  through  a  definite  series  of
morphologic  changes  after its entry into  ticks, occupying  a period  of
2 or  3  weeks duration,  illustrates  the need for caution in any general
conclusion.  The  possibility must be  entertained  that  other Rickett-
sia may  also  exhibit  a more  or less  complicated  life  history,  no hint
of  which would  be given by the examination  of  tissues  at one  stage
only,  because  the  behavior  of  the  organisms  in  the preceding  days
and in the weeks  to follow  could not be  safely predicted.  In  other
words, individual observations  may offer only cross-sectional  views of
life  histories  which  are  in  reality  complicated  and  involved.  One
hypothesis,  however,  is  capable  of  being partly tested  cytologically;
namely, the suggestion  advanced by Jungmann and others that Rick-
ettsia  are  of  chlamydozoal  nature.  Literally  translated  the  term
means  "mantle  animals"  and is intended to indicate that at a certain
stage  in their  life  history the  "animals"  penetrate  into cells  and  are
there  surrounded  by  a mantle  or  cloak of  material  produced by the
cell  in  response  to  their  action.  The  cloak  is  said  to  be  composed
of  nuclear  substance  and  according  to Lipschiitz2 6 may  be  detected
microscopically  in  the  case  of  certain  Chlamydozoa.  But  careful
search  has  revealed  the  fact  that  the  organisms  herein  described
stain homogeneously  in each instance  and show no evidence  of being
covered  with a substance  of  a different  nature.
SUMMARY.
In the absence  of  a  satisfactory  definition  of  Rickettsia  the  obser-
vations  herein  recorded  were  arbitrarily  limited  to  bacterium-like
organisms  which  are intracellular  and  Gram-negative.
26 Lipschiitz,  B., Zentr. Haut- u. Geschlechtskrankh.,  1921-22,  iii,  3.
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Rickettsia of  this  type were found in the  following  species:  Ambly-
omma  americana,  Amblyomma  hebrceum,  Boophilus  decoloratus,
Atomus  sp., Casinaria  infesta, Chrysopa oculata, Ctenocephalus canis,
Dermacentor  variabilis,  Lepisma  saccharina,  Lucoppia  curviseta,
Margaropus annulatus, Margaropus annulatus australis, Ornithodoros
turicata,  Pulex  irritans, Rhipicephalus  sanguineus,  Rhipicephalus
evertsi,  and  Salticus  scenicus.  Since  intracellular,  Gram-negative
Rickettsia have  been  recorded  in the  literature  as  existing  in Cimex
lectularius, Dermacentor venustus,  Melophagus ovinus,  and  Pediculus
humanus, the occasional occurrence  of  such  bodies  must  be  conceded
in  the following  groups not closely  related phylogenetically:  Attide,
Trombidiidae,  Argasidae,  Ixodidae,  Cinura,  Acanthiidae,  PediculidT,
Hippoboscide,  Chrysopidae,  Pulicidae,  and  Ichneumonide.
The  species which harbor Rickettsia differ widely in diet  and  habi-
tat.  One  such  species  is  insectivorous  throughout  life,  two  are  in-
sectivorous  in larval  stages,  becoming vegetarian in the adult  condi-
tion,  one is chiefly  vegetarian but partakes  of some animal products,
and two  are  usually entirely  vegetarian;  while  the remainder  subsist
wholly upon  a diet of mammalian  blood.  Rickettsia  are  associated,
in only a few cases,  with diseases  in mammals.
The  evidence  at  hand  does  not  lead  beyond  the  conclusion  that
the  Rickettsia mentioned  above  are  true  Gram-negative  microor-
ganisms,  easily  distinguishable  from  mitochondria  and  all  other
cytoplasmic and nuclear  granulations,  rather  completely  adapted  to
an intracellular  existence,  exhibiting  in  some  cases  a  remarkable
degree  of  host specificity,  and often  inherited  through  the eggs.
EXPLANATION  OF  PLATES.
All  the  drawings  were  made  with  a  Zeiss  apochromatic  objective  1.5  mm.,
compensating  ocular  6, and  camera  lucida.  Unless  otherwise  noted,  the  speci-
mens  were  fixed  in 10  per cent  formalin,  followed  by Regaud's  fluid,  and  were
colored  with  Giemsa's  stain.  Magnification,  X 1,500.
PLATE  25.
FIG.  1. Amblyomma  americana.  Egg  cell,  fixed  in Regaud's  fluid and  colored
with  Giemsa's  stain,  containing  small  Gram-positive  organisms  deeply  stained,
and  larger  Gram-negative  Rickettsia  lightly  stained  and  clumped  near  the  cell
membrane.
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FIG.  2.  The  same,  fixed  in the  same way  and stained with iron-hematoxylin  to
show the morphology and arrangement  of the mitochondria.
FIG.  3.  The same,  fixed  in Bouin's  fluid and  stained  with iron-hematoxylin  to
show the  distribution of the amorphous nuclear  emanations.
FIG.  4.  Amblyomma  americana.  Malpighian  tubule,  fixed  in  Regaud's  fluid
and  stained  with  iron-hematoxylin  to  illustrate  the  characteristic  arrangement
of mitochondria.  Compare  them with  Rickeltsia in  similar  cells of other  species
(Figs.  8, 9,  13, and 22).
FIG.  5.  Atomus  sp.  Large  green  pigmented  hypoblastic  cell  containing
Rickettsia.
FIG.  6.  Chrysopa oculata.  Fat cells  containing Rickettsia.
PLATE  26.
FIG.  7.  Casinaria  infesta.  Intestinal  epithelial  cells  containing Rickettsia.
FIG.  8.  Ctenocephalus canis.  Malpighian  tubule containing Rickettsia.
FIG.  9.  Dermacentor variabilis.  Malpighian  tubule  cells  containing  Rickettsia
which  are much  finer  and  more  thread-like  than  those  represented  in  Figs.  13
and 22.
FIG.  10.  Dermacentor variabilis.  An  egg  cell.
FIG.  11.  Lepisma saccharina.  Intestinal  epithelial cells  containing  Rickettsia.
FIG.  12.  Lucoppia curviseta.  Large  pigmented  intestinal  epithelial  cell  with
Rickettsia.
FIG.  13.  Margaropus annulatus.  Malpighian  tubule cells  with large Rickettsia
which  may be contrasted  with the mitochondria  illustrated in  Fig.  4.
FIG.  14.  Margaropus  annulatus.  Part of an  egg  cell.
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FIG.  15.  Margaropus  annulatus.  Part of an older  egg cell with well developed
yolk spherules.
FIG.  16.  Ornithodoros  turicata.  Epithelial cell of rectal sac containing Rickettsia.
FIG.  17.  Pulex irritans.  Fat cell containing  Rickettsia.
FIG.  18.  Salticus scenicus.  Above  a  connective tissue  cell,  and below a cross-
section  of  a muscle  cell, both containing  Rickettsia.
FIG.  19.  Salticus scenicus.  Rickettsia  encysted  within  the  cytoplasm  of  an
egg shell.
FIG.  20.  Salticus scenicus.  Rickettsia within  a  nerve  cell.
FIG.  21.  Salticus scenicus.  Rickettsia between  nerve  fibers.
FIG.  22.  Rhipicephalus sanguineus.  Portion  of  a Malpighian  tubule  with  the
lumen containing many Rickettsia.
FIG.  23.  Rhipicephalus  sanguineus.  Part  of  the  cytoplasm  of  an  egg  cell
containing  similar Rickettsia.
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